Introduction
Generators for the groups SL(l; q), Sp(2m; q), U(l; q) and Sz(q) have been available in computer algebra systems for some time 1, 4, 12] . Until recently it has only been practical to work with these groups for small dimensions and small elds. This covered small orthogonal groups (but not in their natural representation) because the orthogonal groups up to dimension 6 are isomorphic to other linear groups. For a complete description of the isomorphisms see 13, Chapters 11 and 12] .
However, recent advances in computing speed and memory, as well as better algorithms, make it possible to work with larger groups. Hence there has been an increasing need for matrix generators for the orthogonal groups, particularly in dimensions beyond 6. This demand comes from several sources. For example, those working directly with orthogonal groups as well as those wishing to test new linear group recognition algorithms 10, 3] now need generators for all classical groups. The recent paper of Ishibashi and Earnest 7, 8] provides generators for O(l; q), but not for SO(l; q) nor its derived group (l; q). The matrices of Ishibashi and Earnest have been implemented in GAP by Celler. In 1962 Steinberg gave pairs of generators for all nite simple groups of Lie type. Steinberg's generators are given in terms of root elements and generators for the Weyl group. In this paper we describe the corresponding generators for the nite orthogonal groups (l; q). These generators are presented as matrices and are equal to Steinberg's generators modulo the centre of the group. The purpose is to provide explicit constructions for the orthogonal groups which can be used within computer algebra packages such as Magma or GAP 1, 4] . Our methods are easily adapted to provide generators for SO(l; q) and O(l; q).
In the rst part of the paper we outline the (well known) connection between the orthogonal groups and the Chevalley groups of types B m , In describing the groups and Lie algebras associated with a quadratic form Q we shall write matrices with respect to the ordered basis e 1 ; e 2 ; : : :; e m ; w 1 ; : : : ; w k ; f m ; : : :; f 1 where w 1 ; : : :; w k is a basis of W to be chosen later. We use J to denote the matrix of with respect to this basis.
In the case F = C , the complex Lie algebra L of Q consists of all l l matrices X such that X t J + JX = 0 with Lie product xy] = xy ? yx. is nite (in fact in our case it has no more than 3 terms). Let x (t) = exp( (t ( ))); then the Chevalley group associated with L and over 4. Generators for + (l; q) and 0 (l; q) In this section will be a generator of the group F q . For each positive root there exists an element h ; such that h ; x (k)h ?1 ; = x ( 2 ( ; ) ( ; ) k) for all k 2 F q and 2 11, Theorem 3.4]; in what follows a diagonal matrix will su ce, and it is easy to check that it satis es the conditions. As in 11, Theorem 3.7], for each 2 + , n = x (1)x ? (?1)x (1).
Write n i for n i .
We are now ready to give matrices for Steinberg's generators for the groups (l; q) for = 0; 1. 4.3. Type D 2 (l = 4). In this case the group is the central product SL(2; q) SL(2; q). Let p be the characteristic of F q . We choose elements x (of order p) and z (of order q+1) which generate SL(2; q). (See 9, p.209] for a discussion of this point.) Since x and z have coprime order, SL(2; q) SL(2; q) is generated by (x; z) and (z; x).
To de ne z we take the underlying space for SL(2; q) to be the additive group of the eld F q 2 . Then z is multiplication by = q?1 , where is a primitive element of F q 2 . The element has order q + 1 and satis es a quadratic equation over F q whose roots are and q = ?1 .
Thus the minimal polynomial for is X 2 ? aX + 1, where a = + ?1 and the matrix of z with respect to the basis 1, for F q 2 is 0 ?1 1 a . Taking x = 1 1 0 1 , it follows from Dickson's Theorem 6, Hauptsatz 8.27] that x and z generate SL(2; q).
In order to represent the elements of SL(2; q) SL(2; q) as 4 4 matrices in + (4; q) we use the following construction. The group SL(2; q) SL(2; q) acts on the space V of 2 2 matrices M over F q such that (A; B):M = AMB t . The determinant of M is a quadratic form of Witt index 2 preserved by this action and the image of SL(2; q) SL(2; q) is isomorphic to SL(2; q) SL(2; q) and coincides with + (4; q). It follows from Steinberg that ? (l; q) is generated by h and xn for all q. 6 . Availability The generators for (l; q) described in this paper as well as generators for SO (l; q) and O (l; q) have been included in Magma V2.10.
